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Abstract 
In the present paper an attempt has been made to study the flat fractal Friedmann - Robertson - 
Walker model filled with domain walls. We have obtained the fractal equation of deceleration 
parameter and tension of the domain wall. It is observed that, while domain walls exist at early 
times, they disappear at late time. Finally, some physical parameters of the model are discussed 
using graphs.  
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1. Introduction 
 The theory of general relativity (GR) is the most successful theory of gravitation [1], that 
describes the history of the universe. and it is the basis of the current cosmological models of the 
universe. The accelerating expansion of the universe has attracted much attention nowadays. 
The cosmic accelerated expansion of the universe is confirmed using the observational data 
obtained from the cosmological experiments, supernovae type Ia (SN Ia) [2-6], Large scale 
structure [7], the Cosmic Microwave Background (CMB) [8-9] etc. and found that the dark 
energy is the most important factor behind this expansion of the universe. The general theory of 
relativity suffered many criticisms due to the lack of certain desirable features such as it does not 
seem to resolve the important problems of dark matter or dark energy in cosmology. So recently 
some attempts have been made to generalize general relativity. In pursuit of this several 
modified theories of gravitation have been proposed as an alternative to general relativity such 
as Brans and Dicke theory of gravitation [10], Barber Self creation theory [11], Saez and 
Ballester theory of gravitation [12], f(R) gravity [13], f(R,T) gravity[14] etc.  
            The FRW metric is called as standard model of modern cosmology. It is an exact 
solution of Einstein’s field equation of GR. FRW metric represents isotropic and homogeneous 
expanding or contracting universe. Many researchers studied the FRW model within modified 
theories of gravitation. Samantha et al. [15] have studied the bulk viscous fluid in the formalism 
of f (R, T) theory of gravitation in the frame of flat FRW space-time, Agrawal and Pawar [16] 
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have studied the spatially homogeneous and isotropic FRW model and axially symmetric space-
time in f(R) theory of gravity. Sezgin Aygun [17] studied the behavior of cosmological 
parameter for flat FRW universe with scalar potential in f (R, T) theory of gravity.  
In the formation of universe, the domain walls have an important role and it is a topological 
object. Yilmaz and Atkas [18] have observed that when a discrete symmetry is spontaneously 
broken in early universe the domain walls might be created.  Many researchers are interested in 
the study of gravitational effects of domain walls. Recently Pawar et al. [19] have investigated  
thick domain walls in the BD theory of gravitation, Katore and Hatkar [20] have explored 
Bianchi type -III and Kantowski-sachs domain wall cosmological models in f(R,T) theory of 
gravitation and found that curved walls are responsible for gravitational collapse of universe, 
Agrawal and Pawar [21] have studied Bianchi type -V space-time using magnetized  domain 
wall in f(R,T) theory of gravitation and found that in the EM field model is isotropic whereas in 
the absence it becomes stiff fluid, Pradhan et al. [22] have studied plane symmetric 
inhomogeneous bulk viscous domain walls in Lyra geometry, Patil et al. [23] have obtained 
plane symmetric cosmological models of thick domain walls with viscous fluid coupled with 
electromagnetic field in the framework Lyra geometry.  
 Fractal cosmology is a term which relates to the appearance of fractal in the study of the 
universe. There have been numerous cosmological theories such as Causal dynamical 
triangulations [24], asymptotically safe gravity [25] and loop quantum gravity [26], which 
suggests that the nature of universe is fractal. Andrei Linde [27] is the first who used fractals in 
cosmology and suggested eternally existing chaotic inflationary model of universe. The fractal 
nature of space- time on scale relativity have suggested by Laurent Nottale [28]. Calcagni [29] 
formulated an effective quantum field theory in a fractal universe with power-counting 
Renormalizable and which is Lorentz invariant and free from ultraviolet divergence. Karami et 
al. [30] have studied the fractal flat FRW universe filled with dark energy and dark matter. 
Mustafa Salti et al. [31] have investigated the extended versions of Holographic and Ricci dark 
energy models in the fractal theory of gravitation. Dipanjana Das et al. [32] have examined the 
fractal homogeneous and isotropic FLRW space-time geometry filled with perfect fluid and 
barotropic equation of state. Lemets and Yerokhin [33] have investigated interacting dark energy 
models in the frame work of fractal cosmology. The Anisotropic behavior of dark energy in 
fractal cosmology has studied by Hosseienkhani et al. [34]. Joyce et al. [35] have studied the 
fractal cosmology in an open universe.  
With this motivation, in the present work, an attempt has been made to explain the present 
(observed) cosmic acceleration in a gravity theory with influence of fractal effects. The paper is 
organized as follows. In section 2 we discussed fractal gravity formalism. In section 3, we 
obtained the field equations and derived solutions of field equations. Section 4 describes the brief 
discussion of the results. Section 5 is devoted to our conclusion. 
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2. Fractal Gravity Formalism 
The fractal cosmology is the description of quantum gravity with two features. First the, 
couplings have the running scaling dimensions, which allows the system to flow from an 
effective two-dimensional phase in the ultraviolet to an ordinary field theory in the infrared 
limit. And second, unlike other similar systems, this model maintains Lorentz invariance. The 
fractal model distribution at small and intermediate scales becomes homogeneous at very large 
scales and it is fully compatible with the reasonable requirement of all observers and condition 
of local isotropy around any structure 
Assuming matter is minimally coupled with gravity, the total action of Einstein gravity in the 
fractal space-time [29] can be written as  
ܵ = ௚ܵ +  ܵ௠                                                                                                                                 (1) 
Where, ௚ܵ is the gravitational part. 
௚ܵ =  ଵଶ௄మ ∫݀ߦ(ݔ)ඥ−݃ ൫ܴ − 2 ∧ −߱ ఓ߲  ݒ ߲ఓ  ݒ൯                                                                         (2) 
 and ܵ௠ is the matter part.                                                                                    
 ܵ௠ =  ∫݀ߦ(ݔ)ඥ−݃ ℒ௠                                                                                                                (3) 
Here,  ݃ is the determinant of the dimensionless metric  ݃௔௕ , ܭଶ = 8ߨܩ is Newton’s constant, ܴ 
and Λ are the Ricci scalar and cosmological constant respectively. ݒ be a fractional function and 
߱  is the fractal parameter added because  ݒ , like the other geometric field ݃௔௕ , is now 
dynamical.  ݀ߦ(ݔ) is the Lebesgue-Stieltjes measure and ℒ௠  is the matter Lagrangian which 
depends on  ݃௔௕.   
Taking the variation of total action (1) with respect to the metric tensor ݃௔௕ , one can obtain the   
Einstein’s field equations in fractal universe as was found in [29]  
ܴ௔௕ −
ଵ
ଶ
݃௔௕(ܴ − 2Λ) + ݃௔௕ □௩௩ − ∇౗∇್௩௩ + ߱ ቀଵଶ݃௔௕߲ఙݒ߲ఙݒ − ߲௔ݒ ߲௕ݒቁ =  ܭଶ ௔ܶ௕                  (4)                                                                                                             
 Where ∇௔ is the covariant derivative and ′□ ′ is usual d’ Alembertian operator.   □∅ = ଵ
√ି௚
 ߲௔൫ඥ−߲݃௔∅൯                                                                                                            (5) 
  
3. Fractal FRW Model and its Solutions 
In this section we find the exact solution of the FRW space-time in fractal frame work 
3.1 Fractal FRW space-time 
Consider the Friedmann- Robertson –Walker’s space-time 
݀ݏଶ = −݀ݐଶ + ܣଶ(ݐ) ቂ ௗ௥మ
ଵି௞௥మ
+ ݎଶ൫݀ߠଶ + ݏ݅݊ଶߠ ݀∅2൯ቃ                                                                (6) 
Where the scale factor ܣ(ݐ) is a function of cosmic time t, ݇  is a constant and ݇ = −1 , 0 , 1 
represents open, flat and closed FRW universe respectively. 
The standard FRW model is in accordance with present day universe and it is referred as 
standard model of modern cosmology. Recently Naidu et al. [36] have researched FRW viscous 
fluid cosmological model in f (R, T) gravity. Joachim [37], Katore et al.  [38], Boyanorsky et al. 
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[39], Rosales and Tkach [40] are some of the authors who have investigated several aspects of 
FRW universe in various contexts. 
The corresponding Ricci tensors and Ricci scalar curvature of the FRW model are given by  
ܴଵଵ = ଶ௞஺మ  ݃ଵଵ + ൫3ܪଶ + ̇ܪ൯݃ଵଵ                                                                                                    (7) 
ܴଶଶ = ଶ௞஺మ  ݃ଶଶ + ൫3ܪଶ + ̇ܪ൯݃ଶଶ                                                                                                    (8) 
ܴଷଷ = ଶ௞஺మ  ݃ଷଷ + ൫3ܪଶ + ̇ܪ൯݃ଷଷ                                                                                                    (9) 
ܴସସ = −3൫ܪଶ + ̇ܪ൯                                                                                                                    (10) 
ܴ = 12ܪଶ + 6ܪ +̇ ଺௞
஺మ
                                                                                                                 (11) 
The 44 components of equation (4) is 
ܴସସ −
ଵ
ଶ
݃ସସ(ܴ − 2Λ) + ݃ସସ □௩௩ − ∇ర∇ర௩௩ + ߱ቀଵଶ݃ସସ߲ఙݒ߲ఙݒ − ߲ସݒ ߲ସݒቁ =  ܭଶ ସܶସ                  (12) 
Substituting the values of  ܴସସ , ܴ from equations (10) and (11) in eq. (12), we get 
ܪଶ + ܪ ௩̇
௩
−
ଵ
଺
߱̇ݒଶ + ௞
஺మ
= ௄మ
ଷ
 ସܶସ + ஃଷ                                                                                         (13) 
Taking the trace of eq. (4) gives 
−ܴ = 4 Λ+ 3 □௩
௩
+  ߲߱௔ݒ߲௔ݒ = ܭଶ ௔ܶ௔                                                                                    (14) 
With the help of equations (11) and (13), equation (14) reduces to 2ܪଶ + ̇ܪ − ଵ
ଶ
□௩
௩
+ ଵ
଺
߱̇ݒଶ + ௞
஺మ
= ି௄మ
଺
 Tୟୟ + ଶஃଷ                                                                                    (15) 
Where overhead dot (∙) denotes derivative with respect to time t and ܪ = ஺̇
஺
 be the generalized 
mean Hubble parameter. Equation (13) and (15) are the Friedmann equations in the fractal 
universe. 
 The energy momentum tensor of domain wall is   ௔ܶ௕ =  ߩ(݃௔௕ +  ݓ௔ ݓ௕) +  ݌ ݃௔௕                                                                                              (16) 
together with  
ݓ௔ ݓ௕ = −1                                                                                                                               (17) 
Where p is pressure normal to the plane of domain wall, ߩ is the energy density of the domain 
wall and ݓ௔ is four velocities vector in the same direction. The non-vanishing components of 
௔ܶ௕ can be obtained using co-moving co-ordinate system as 
ଵܶ
ଵ  =  ଶܶଶ =  ଷܶଷ  =  ߩ , ସܶସ = ݌                                                                                                  (18) 
Domain walls are the topological defects associated with spontaneous symmetry breaking of the 
universe. Domain walls are cosmologically important. The study of the domain walls has gained 
renewed cosmological interest due to their application in structure formation in the universe 
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[41]-[42], Rahaman et. al [43], Adhav et al. [44], Sahoo et al. [45], Shaikh et al. [46], Wang [47] 
are some of the authors who researched several aspects of domain walls in various 
circumstances. Reddy and Naidu [48] have shown that the domain walls do not survive in scalar 
co-variant theory. 
The equations (13) and (15), for the metric (6) with the help equation of eq. (18) reduces to 
ܪଶ + ܪ ௩̇
௩
−
ଵ
଺
߱̇ݒଶ + ௞
஺మ
= ି௄మ
ଷ
 ݌ + ஃ
ଷ
                                                                                          (19) 
ܪଶ + ̇ܪ − H ௩̇
௩
−
ଵ
ଶ
□௩
௩
+ ଵ
ଷ
߱̇ݒଶ = ௄మ
଺
 (p − 3ρ) + ஃ
ଷ
                                                                      (20) 
Note that by taking ݒ = 1 in eq. (19) and (20), we get the standard Friedmann equations in 
Einstein’s general theory of relativity. 
ܪଶ = ି௄మ
ଷ
 ݌ + ஃ
ଷ
−
௞
஺మ
                                                                                                                  (21) 
ܪଶ + ̇ܪ = ௄మ
଺
 (݌ − 3ߩ) + ஃ
ଷ
                                                                                                        (22) 
In a fractal space- time the purely gravitational constraint is given by the following equation  3ܪଶ + ܪ +̇ ܪ ௩̇
௩
+ □௩
௩
+ ଶ௞
஺మ
−߱(ݒ□ݒ − ̇ݒଶ) = 0                                                                         (23) 
For flat FRW metric (݇ = 0), taking monomial form of the fractional function  ݒ = ݐିఊ [29], 
where ߛ = 4(1 − ߙ)  is the fractal dimension of ߦ and ߙ  is positive parameter roughly 
corresponds to the fraction of states preserved at a given time during the evolution of the system, 
one can obtain. 
□௩
௩
= ఊ
௧
ቀ3ܪ − ଵାఊ
௧
ቁ                                                                                                                      (24) 
The monomial form of the fractional function ݒ  is consistent with recent observations 
particularly for describing the early and intermediate era of evolution. And if v  = 1, it turns out 
that predictions of the theory approaches to those of standard Einstein’s theory.             
For simplicity, we choose Λ = 0 (no cosmological constant) and units are chosen such that 8ߨܩ = 1 , in the UV regime (Small scale structure ߛ = 2) ,equations (21), (22) and (23) can be 
written as 
ܪଶ −
ଶ
௧
ܪ −
ଶఠ
ଷ௧ల
= ିଵ
ଷ
 ݌                                                                                                                (25) 
ܪଶ + ̇ܪ − ଵ
௧
ܪ + ଷ
௧మ
+ ସఠ
ଷ௧ల
= ଵ
଺
( ݌ − 3ߩ)                                                                                      (26) 3ܪଶ + ̇ܪ + ቀ2 + ଷఠ
௧ర
ቁ
ଶ
௧
ܪ = ଺
௧మ
+ ଵ଴ఠ
௧ల
                                                                                          (27)   
We define some physical parameters of the model 
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The average scale factor ܽ is defined as  
ܽ = √ܣଷయ = ܣ                                                                                                                              (28) 
 The volume scale factor is given as 
ܸ = ܽଷ = ܣଷ                                                                                                                               (29) 
The scalar expansion ߠ is given by 
ߠ = 3ܪ = ܪଵ + ܪଶ + ܪଷ = 3 ஺̇஺                                                                                                  (30) 
Where ܪଵ = ܪଶ = ܪଷ = ஺̇஺  are the directional Hubble parameters in the directions of ݔ ,ݕ  and ݖ 
- axes respectively. 
The measure of cosmic acceleration of the universe expansion is a deceleration parameter. which 
is defined as 
ݍ = ି஺஺̈
஺̇మ
                                                                                                                                       (31) 
3.2 Solutions of the Field Equations 
If ߱ = 0 , then from eq. (27) the scale factor ܣ(ݐ) is obtained as 
ܣ(ݐ) = ൫௧వି௖൯భయ
௧మ
                                                                                                                              (32) 
Where, ܿ is the constant of integration. 
The Hubble parameter is given by 
 ܪ = (௧వାଶ௖)
௧(௧వି௖)                                                                                                                                 (33) 
Inserting the value of ܣ from eq. (32) into the equations (29) and (30), we get the required 
volume of the universe and expansion scalar.  
 ܸ = (௧వି௖)
௧ల
                                                                                                                                   (34) 
 ߠ = ଷ(௧వାଶ௖)
௧(௧వି௖)                                                                                                                                 (35) 
Solving eq. (31), we can obtain fractal deceleration parameter  
 ݍ = ቀିଶ
ଷ
ቁ
൫௧వି௖൯(௧వି଻௖)(௧వାଶ௖)మ                                                                                                                  (36) 
Solving eq. (21) and (22), we get 
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 ݌ = 3 ൫௧వାଶ௖൯(௧వିସ௖)
௧మ(௧వି௖)మ                                                                                                                    (37) 
 ߩ = −3 ൫௧వା൫ଵ଴ାଷ√ଵ଴൯௖൯(௧వି൫ଵ଴ିଷ√ଵ଴൯௖)
௧మ(௧వି௖)మ                                                                                       (38)  
Assuming ߱ ≠ 0 in eq. (27) and solving it, gives the scale factor ܣ [29] as 
 ܣ = ଵ
௧మ
 ܯቀଵଵ
ସ
; ଵଷ
ସ
; ଷఠ
ଶ௧ర
ቁ
భ
య                                                                                                              (39)  
Where M is Kummer’s confluent hypergeometric function of the first kind. Which is given by 
ܯ(ܽ;ܾ; ݖ) = ┌ (௕)
┌ (௔)  ∑ ┌ (௔ା௠)┌ (௕ା௠)   ௭೘௠!ஶ௠ୀ଴                                                                                            (40) 
Using the value of ܣ , the Hubble parameter is given by  
 ܪ = ିଶ
௧
+ ସఠ
ଵଷ௧ఱ
 ெቀభభర ;భళర ;,యഘమ೟ర ቁ
ெቀ
భభ
ర
;భయ
ర
 ;యഘ
మ೟ర
 ቁ− ଶఠ௧ఱ                                                                                                  (41) 
Substituting the value of ܣ  from eq. (39) into the equations (29) and (30), volume of the 
universe and expansion scalar are found to be 
ܸ = ଵ
௧ల
ܯቀ
ଵଵ
ସ
; ଵଷ
ସ
 ; ଷఠ
ଶ௧ర
 ቁ                                                                                                              (42) 
ߠ = ି଺
௧
+ ଵଶఠ
ଵଷ௧ఱ
 ெቀభభర ;భళర  ;యഘమ೟ర ቁ
ெቀ
భభ
ర
;భయ
ర
 ;యഘ
మ೟ర
 ቁ− ଺ఠ௧ఱ                                                                                                   (43) 
solving eq. (31), deceleration parameter ݍ in fractal space is given by 
ݍ = ିே
஽
                                                                                                                                        (44)                                                                    
Where  
ܰ = 169(3ݐସ + 4߱)(ݐସ + ߱)ܯቀଵଵ
ସ
; ଵଷ
ସ
; ଷఠ
ଶ௧ర
ቁ
ଶ + 52߱(2ݐସ + ߱)ܯቀଵଵ
ସ
; ଵ଻
ସ
; ଷఠ
ଶ௧ర
ቁ  ܯቀଵଵ
ସ
; ଵଷ
ସ
; ଷఠ
ଶ௧ర
ቁ                   −16߱ଶ ܯቀଵଵ
ସ
; ଵ଻
ସ
; ଷఠ
ଶ௧ర
ቁ
ଶ
                                                                                                    (45)                                                                                
ܦ = 338(ݐସ + ߱)ଶܯቀଵଵ
ସ
; ଵଷ
ସ
; ଷఠ
ଶ௧ర
ቁ
ଶ
− 104߱(ݐସ + ߱) ܯቀଵଵ
ସ
; ଵ଻
ସ
; ଷఠ
ଶ௧ర
ቁܯ ቀ
ଵଵ
ସ
; ଵଷ
ସ
; ଷఠ
ଶ௧ర
ቁ     
           − 8߱ଶܯ ቀଵଵ
ସ
; ଵ଻
ସ
; ଷఠ
ଶ௧ర
ቁ
ଶ
                                                                                                     (46) 
Now solving equations (25) and (26) for the  ݌ and ߩ one obtains 
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݌ = ିଶ൫ଷ௧రାଶఠ൯൫ସ௧రାଷఠ൯
௧భబ
−
ସ଼ఠమ
ଵଷమ௧భబ
ெቀ
భభ
ర
;భళ
ర
;యഘ
మ೟ర
ቁ
మ 
ெቀ
భభ
ర
;భయ
ర
;యഘ
మ೟ర
ቁ
మ + ଶସ൫௧రାଶఠ൯ଵଷ௧భబ ெቀభభర ;భళర ;యഘమ೟రቁெቀభభ
ర
;భయ
ర
;యഘ
మ೟ర
ቁ
                                         (47) 
ߩ = ିଶ൫ହ௧రା଺ఠ൯൫ଷ௧రାఠ൯
௧భబ
+ ସ଼ఠమ
ଵଷమ௧భబ
ெቀ
భభ
ర
;భళ
ర
;యഘ
మ೟ర
ቁ
మ 
ெቀ
భభ
ర
;భయ
ర
;యഘ
మ೟ర
ቁ
మ                                                                                (48) 
The tension of the domain wall is given by 
ߪௗ = ଶ௧భబ
⎣
⎢
⎢
⎢
⎢
⎡(5ݐସ + 6߱)(3ݐସ + ߱) + ସ଼ఠమ
ଵଷ
ெቀ
భభ
ర
;భళ
ర
;యഘ
మ೟ర
ቁ
మ 
ெቀ
భభ
ర
;భయ
ర
;యഘ
మ೟ర
ቁ
మ  − ଵఊ (3ݐ଼ + 12ݐସ + 4߱ଶ) +12߱(3ݐସ + 2߱) ெቀభభర ;భళర ;యഘమ೟రቁమ 
ெቀ
భభ
ర
;భయ
ర
;యഘ
మ೟ర
ቁ
మ
⎦
⎥
⎥
⎥
⎥
⎤
                      (49) 
                                                         
At early times and late time, we distinguish the result for positive and negative values of fractal 
parameter ߱ and using asymptotic form of Kummer’s confluent hypergeometric function 
When ݖ → −∞ 
ܯ(ܽ;ܾ; ݖ)~ ┌ (௕)
┌ (௕ି௔)  (−ݖ)ି௔ + ∑ ┌ (௔ା௠)┌ (௔)  ┌ (௕)┌ (௕ି௔ି௠)   ௭ష೘௠!ே௠ୀଵ                                                     (50) 
When ݖ → ∞ 
ܯ(ܽ;ܾ; ݖ)~ ┌ (௕)
┌ (௔)  ݁௭  ݖ௔ି௕ + ݁௭  ݖ௔ି௕ ∑ ┌ (௕ି௔ା௠)┌ (௕ି௔)  ┌ (௕)┌ (௔ି௠)   (ି௭)ష೘௠!ே௠ୀଵ                                       (51) 
 we have following cases. 
Case I: when ݐ → 0 (at early time) and ߱ > 0 
Using equation (51) in equations (41) - (49) we obtain 
ܸ ∼ ܿ݋݊ݏݐܽ݊ݐ × ௘ యഘమ೟ర
௧ర
                                                                                                                 (52) 
ܪ ∼
ିଶఠ
௧ఱ
                                                                                                                                      (53) 
ߠ ∼
ି଺ఠ
௧ఱ
                                                                                                                                       (54) 
݌ ∼
ିଵଶఠమ
௧భబ
                                                                                                                                    (55) 
ߩ ∼
ିଵଶఠమ
௧భబ
                                                                                                                                    (56) 
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ݍ ∼ −1 − ହ௧ర
ଶఠ
                                                                                                                              (57) 
ߪௗ ∼
ି଼ఠమ
ఊ ௧భబ  (4ߛ − 1)                                                                                                                    (58)     
      
Case II: when ݐ → 0 (at early time) and ߱ < 0 
Using equation (50) in equations (41) - (49) we obtain 
ܸ ∼ ܿ݋݊ݏݐܽ݊ݐ × ݐହ                                                                                                                   (59) 
ܪ ∼
ହ
ଷ௧
                                                                                                                                         (60) 
ߠ ∼
ହ
௧
                                                                                                                                           (61) 
݌ ∼
ଵଶఠ
௧ల
                                                                                                                                       (62) 
ߩ ∼
ିସ଺ఠ
௧ల
                                                                                                                                     (63) 
ݍ ∼
ିଶ
ହ
                                                                                                                                         (64) 
ߪௗ ∼
ିଷଶఠమ
ఊ ௧భబ                                                                                                                                    (65) 
Case-III: At late time ݐ → ∞ and for ߱ > 0 
ܸ ∼ ܿ݋݊ݏݐܽ݊ݐ × ଵ
௧ల
                                                                                                                    (66) 
ܪ ∼
ିଶ
௧
                                                                                                                                        (67) 
ߠ ∼
ି଺
௧
                                                                                                                                         (68) 
݌ ∼
ିଶସ
௧మ
                                                                                                                                       (69) 
ߩ ∼
ିଷ଴
௧మ
                                                                                                                                       (70) 
ݍ ∼
ିଷ
ଶ
                                                                                                                                         (71) 
ߪௗ ∼
ି଺
ఊ ௧మ  (5ߛ + 1)                                                                                                                     (72) 
For late time ݐ → ∞ and for ߱ < 0 results are similar to Case-III. 
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4. Discussion 
In this section some important physical parameters of the solutions such as Volume ܸ, Hubble 
parameter ܪ , Expansion scalar ߠ, deceleration parameter ݍ are evaluated for the models and 
presented in terms of graphs. The graphs are drawn for particular values of fractal parameter.  
 For ߱ = 0 , when ܿ > 0 from eq. (29) and eq. (31), it will be observed that at ݐ = ܿభవ  volume is 
zero, when ݐ > ܿభవ   volume is an increasing function of cosmic time, which results into 
expanding universe. The deceleration parameter is negative from ݐ = ܿభవ  to ݐଵ = (7ܿ)భవ and it is 
positive for ݐ > ݐଵ, Hence universe is expanding and accelerating from ݐ = ܿభవ  to ݐଵ = (7ܿ)భవ and 
for ݐ > ݐଵ, universe is expanding and decelerating. When ܿ = 0, from eq. (29) and eq. (31), it is 
observed that volume is a positive valued decreasing function of cosmic time and deceleration 
parameter is negative throughout the evolution of the universe, which shows universe is 
contracting and accelerating. 
 
4.1 When ࢚ → ૙ (at early time) and ࣓ > 0 
          
Fig. 1 (a) Variation of volume vs. cosmic time for ࣓ = ૚.             Fig. 1 (b) Variation of deceleration parameter vs. cosmic time for ࣓ = ૚ 
-----  ߱ = 1 
……. ߱ = 0.7 
___  ߱ = 0.5 
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Fig. 1 (c) Variation of Hubble parameter vs. cosmic time for ࣓ = ૚ .   Fig. 1(d) Variation of expansion scalar vs. cosmic time for ࣓ = ૚. 
             
Fig. 1 (e) Variation of energy density vs. cosmic time for ࣓ = ૚.                               Fig. 1(f) Variation of tension vs. cosmic time for ࣓ = ૚.  
                                                 
       From Fig.1 (a) it is observed that the volume ܸ  of our model is decreases with time ݐ 
indicating that universe is contracting. The deceleration parameter ݍ is negative throughout 
evolution of the universe which results into accelerating universe. At ݐ = 0 , ݍ = −1 as shown 
in the plot of Fig. 1(b). From eq. (47) and eq. (48), it is observed that the pressure ݌ and energy 
density ߩ both are equal, which represents self – graviting or stiff domain walls. Fig. 1(e) is the 
plot of energy density versus cosmic time for ߱ = 0.5,߱ = 1. Initially when time is zero then 
energy density and pressure both approach to negative infinity. For this case we received the 
initial singularity. Both density and pressure increase with time and approach to zero for large 
values of time. From Fig. 1(c) and Fig. 1(d), it is observed that initially at ݐ = 0 , the Hubble 
parameter ܪ and expansion scalar ߠ are approaches to negative infinity and vanishes for large 
time. Fig. 1(f) represents the variation of tension of domain walls versus cosmic time. The 
tension of the domain walls is negative valued function of cosmic time and vanishes for large 
___ ߱ = 1 
-----   ߱ = 0.5 
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time. The null energy condition is violated for this model contrary to the standard model of 
general relativity. 
 
4.2 When ࢚ → ૙ (at early time) and ࣓ < 0 
    
Fig. 2 (a) Variation of volume vs. cosmic time for ࣓ = −૚.    Fig. 2 (b) Variation of Hubble parameter vs. cosmic time for ࣓ = −૚. 
    
Fig. 2(c) Variation of expansion scalar vs. cosmic time.                                  Fig .2 (d) Variation of density vs. cosmic time. 
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Fig. 2 (e) Variation of pressure vs. cosmic time for ࣓ = −૚.                                Fig. 2 (f) Variation of tension vs. cosmic time for ࣓ = −૚. 
 Figure 2 (a) depicts the variation of spatial volume versus cosmic time. It is observed that at the 
initial moment i.e. when time ݐ = 0, the spatial volume of the model is zero and increases with 
increase in time, hence the present model is expanding. At ݐ = 0 , the expansion of the model 
starts with Big Bang singularity. From eq. (64), the deceleration parameter for the present model 
is negative and constant throughout the evolution of the universe, indicating the accelerating 
expansion of the universe which is well matched with present universe. The Hubble parameter 
and expansion scalar are extremely large near the origin. Both decrease with increase in time as 
shown in Fig. 2(b) and Fig. 2(c). it is observed that the rate of expansion is faster at the 
beginning and slows down in later stage. Fig. 2(d) and Fig. 2(e) are the plots of energy density 
and cosmic pressure verses cosmic time. It is observed that the energy density of the model is 
infinite at the origin of universe and becomes zero as ݐ → ∞ . The cosmic pressure is negative-
valued increasing function of time. Fig. 2(f) shows that the domain walls are invisible in this 
model. This is instance with the argument of Zeldovich [49]. It is observed that the Hubble 
parameter, expansion scalar, cosmic pressure, energy density of the model is zero for large time, 
hence for the large time present model gives the empty space. 
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4.3 When ࢚ → ∞ (at late time) and ࣓ > 0 
      
Fig. 3 (a) Variation of volume vs. cosmic time for ࣓ = ૚.           Fig. 3 (b) Variation of Hubble parameter vs. cosmic time for ࣓ = ૚. 
       
Fig. 3 (c) Variation of expansion scalar vs. cosmic time.                                               Fig. 3 (d) Variation of density vs. cosmic time. 
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Fig. 3 (e) Variation of pressure vs. cosmic time for ࣓ = ૚.                                        Fig .2 (f) Variation of tension vs. cosmic time for ࣓ = ૚. 
      At the origin of the universe, volume of the model is undefined. It goes on decreasing as 
time increases and approaches to zero for large values of time as shown in the Fig. 3(a), In this 
case we obtained contracting universe. From equation (71), the deceleration parameter is 
negative throughout the evolution of the universe, which results into the accelerating universe. 
The Hubble parameter and expansion scalar are negative valued increasing function of cosmic 
time and vanishes at large time as shown in Fig. 3 (b) and Fig. 3(c).  From Fig. 3 (d) and Fig. 3 
(e), It is observed that initially when time is zero then density and pressure both approach to 
negative infinity. Both increase with time and vanish for large values of time. The energy 
density increases due to fractal geometry causes dissipation. Fig. 3(f) shows that the tension of 
the domain walls approaches to negative infinity at ݐ = 0. The tension of domain walls increases 
with time and approaches to zero for large values of time, hence domain walls are invisible in 
this model and will be vanished in large time. The model violates the null energy condition; 
hence the present model is not in agreement with present universe. 
5. Conclusion 
In the present paper, we have studied the flat Friedmann-Robertson –Walker model in the frame 
work of fractal cosmology. The domain walls are taken as source of matter. We have discussed 
three different cases depending on value of fractal parameter (߱) and cosmic time(ݐ). The 
contracting and accelerating universe is obtained in case-I and case-III. The null energy 
condition is violated in both the cases; these models are not compatible with present universe. 
In case-II, we have obtained the Expanding accelerated universe. At ݐ = 0 the expansion of 
universe starts with a Big -Bang singularity. These observations are well suited with the realistic 
model. It is found that, the domain walls could exist in the early epoch and will be vanished in 
the far future. The obtained models are free from the gravitational collapse. These result matches 
with the results obtained by Katore et al. [38]. The behavior of domains walls is in according to 
the Zeldovich [49]. The existence of domain walls in the initial epoch contradicts to the results 
16 
 
obtained by Adhav et al. [44], Reddy and Naidu [48]. We have performed the analysis under no 
cosmological constant and in UV regime.  
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